Background Stroke care networks with and without telemedicine have been established in several countries over the last decade to provide specialized stroke expertise to patients in rural areas. Acute consultation is a first step in the management of stroke, but not the only one. Methods of standardization of care and treatment are much needed. So far, quality management systems have only been used for single stroke units. To the best of our knowledge, we are the first stroke network worldwide to aim for certification of a network-wide quality management system. Methods The Stroke Network Using Telemedicine in Northern Bavaria (STENO), currently with 20 associated medical institutions, is one of the world's largest stroke networks, caring for over 5000 stroke patients each year. In 2010, we initiated the implementation of a network-wide 'total' quality management system according to ISO standard 9001:2008 in cooperation with the German Stroke Society and a third-party certification organization (LGA InterCert). Results Certification according to ISO 9001:2008 was awarded in March 2011 and maintained over a complete certification cycle of 3 years without major deviation from the norm in three external third-party audits. Thrombolysis rate significantly increased from 8·2% (2009) to 12·8% (2012). Conclusions Certified quality management within a large stroke network using telemedicine is possible and might improve stroke care procedures and thrombolysis rates. Outcome studies comparing conventional stroke care and telestroke care are inevitable.
Introduction
Stroke care has been changed substantially over the last twodecades due to the use of intravenous thrombolysis and stroke unit care as the first-line therapy for ischemic stroke with proven effect (1) . Because of lack of stroke expertise in rural or regional hospitals, telemedicine was introduced to bring such expertise to patients in time. This method was found to be feasible and reliable when testing and scoring stroke patients by established stroke scales (2) (3) (4) and has been tested in pilot studies (5, 6) . The benefit of telemedical stroke care can only be shown in the setting of a stroke care network linking hospitals together (7, 8) . One of the key factors in these networks is standardization and quality management of the entire acute stroke care process (8) .
As early as in 1966, Donabedian defined the dimensions of quality in medical care by structure, process, and outcome (9, 10) . The concept of 'stroke units' delineates a combination of structure and care processes that helps to improve quality in stroke care by reduction of mortality and functional deficit. Subsequently, the German Stroke Society (GSS) developed a certification standard for stroke units reflecting process and structure quality of acute institutionalized stroke care (11) . For quality of outcome, key indicators were defined out of a nationwide hospital-based data collection (12) . Similarly, the American Stroke Association and the Joint Commission on Accreditation of Healthcare Organizations (JCAHO) have defined standards and a certification process for primary and comprehensive stroke centers including key quality measures (13) (14) (15) (16) .
Scientific work reflecting systematic quality management in acute stroke care is scarce (13, 16) , and to the best of our knowledge there is no publication on its use in telemedical stroke care networks. The aim of this project was to test whether it would be possible to implement and achieve a certification of a networkwide quality management system within a large telestroke network, the Stroke Network Using Telemedicine in Northern Bavaria (STENO).
Methods
Network structure STENO is one of the world's largest telemedical stroke care networks, consisting of three tertiary stroke centers in the cities of Erlangen, Nuremberg, and Bayreuth and, currently, 17 local or regional hospitals serving as primary and secondary stroke facilities in the German states of Bavaria and Thuringia, caring for about 5800 acute stroke patients (excluding strokes treated in tertiary centers) per year. Figure 1 shows an organizational diagram of the network structure. The project was started in 2007 based on a preceding pilot study (17) and was fully operational by March 2008. STENO is fully reimbursed by the Bavarian state government and the German health insurance system. Since STENO was established, more than 12 000 teleconsultations for patients with assumed acute cerebrovascular disease have been performed. Thrombolysis has been recommended and performed by the local hospital in more than 600 cases.
Tertiary stroke centers are embedded in large neurology departments of a university hospital (Erlangen) or large teaching hospitals (Nuremberg and Bayreuth). These centers each run a certified stroke unit assigned by the state government according to national guidelines, as well as a designated neurological critical care unit, and have direct access to all additional methods of stroke therapy, including cardiology, neurosurgery, and interventional neuroradiology.
Local hospitals are district hospitals responsible for primary and comprehensive care, primarily in the fields of general medicine and surgery. They vary in size, ranging from about 180 to 450 beds. Accordingly, the number of stroke cases ranges from 200 to 520 per year. In 12 hospitals, the departments of internal medicine are responsible for treatment of stroke, while in three there was a staff neurologist available. Prior to the start of the network, prerequisites for participation were defined (see also Table 1 ): Each hospital had to have or establish a dedicated stroke ward with monitoring beds and a multidisciplinary stroke care team consisting of physicians, nursing staff, physiotherapists, and occupational and speech and language therapists. Additionally, basic diagnostic equipment like radiology service with a CT scanner, as well as other standard diagnostics such as neurological ultrasound and echocardiography, had to be available in each local hospital on a 24/7 basis. Eligibility of each local hospital to participate in STENO was decided by the state government based on the predefined requirements.
Quality management
Since the start of the network in 2007, quality management and quality assurance have been part of the core network concept. Quality objectives have been defined, with responsibilities and time targets to be fulfilled. Standard operating procedures (SOPs) were defined for all medical processes and key organizational processes. These SOPs were documented for key indications on table-based charts for all members of the stroke care teams (see example in Fig. 2 ). All SOPs and other documents and forms were created on the basis of ISO (International Organization for Standardization) 9001:2008 requirements. ISO certification is a voluntary assessment regulated at national, European, and international level (18) ; health-care accreditation may be voluntary (at national or international level) or mandatory at governmental level (regional or national). Both systems share the principle of assessment of all departments of the hospital by an external visitor or team against published requirements or standards that focus on systems for quality and safety management more than on resources or results. These standards vary within and between countries, especially in accreditation (19) ; ISO 9001 is a generic standard for quality management systems in any industry, but accreditation standards are specific to health care (20) .
On each participating site, an initial training course and repeated lectures were performed for physicians, nurses, therapists, and all other members of the defined stroke team.
Quality control was established by on-site visits and internal audits in each stroke center and local hospital. On-site visits and internal audits were performed in all network institutions by members of the network coordination and training team according to ISO standard 19011:2011. All members of the audit team were trained in methods of quality management. The networkcoordinating team was composed of an experienced vascular neurologist as project leader, a telemedically experienced computer technician as technical leader, and a designated project manager. The training team included a further vascular neurologist, a speech and language therapist, an occupational therapist, a physiotherapist, and a stroke care-certified nurse. Furthermore, a steering committee responsible for the quality management process was established. Additionally, a scheme for routine data collection was predefined. All hospitals participated in the statewide stroke care quality assurance program with quality-of-care indicators and other benchmark data, according to the dataset defined by the German Stroke Registers Study Group (12) . Furthermore, special data recording for all teleconsultations and all thrombolysis cases, as well as technical data and service complaints within the network, was implemented. For each teleconsultation, time and duration of consultation, as well as reason and key recommendations, were recorded. For each case of thrombolysis in the network, all timing of process, clinical state prior and after thrombolysis, and outcome at discharge were documented. Once a year, consulting physicians at the centers and physicians in local hospitals as well as patients were interviewed for a period of 4 weeks with a standardized questionnaire concerning customer satisfaction and performance for each individual consultation. In October 2009, a decision was made to accomplish a certification of the quality management system (QMS) by LGA InterCert (TUV Rheinland, Nuremberg, Germany) under the ISO standard 9001:2008. The aim was the implementation and certification of a single quality management system for stroke care in all participating hospitals of the network, including stroke centers and local hospitals. Simultaneously, the GSS developed a revision of its certification standard for stroke units, suitable for units supported by telemedicine. All SOPs and process descriptions were linked in one quality management manual, together with core descriptions of the network concept, quality objectives, and policies. An auditing and review plan was written, and in 2010, a first management review was published, covering the year 2009. LGA InterCert was chosen as the certification body because it is the only institution covering GSS's stroke unit certification, making a combined certification for ISO 9001 and GSS stroke unit standard possible. The certification process was funded by a grant of the Bavarian State Ministry of Health and Environment.
Internal organization and quality management system
Since the start of the network, a general assembly of all participating institutions has been held on a biannual basis and is responsible for all network-relevant decisions. The network management (located at the Erlangen University Hospital) is responsible for all management operations.
The QMS manual was completed in August 2010 and consisted of 37 documents: a core manual with general considerations such as quality policy or organizational framework, all 22 SOPs and other forms, checklists, and worksheets. The medical content of SOPs was based on current standards and guidelines of the GSS, European Stroke Organisation and American Heart Association.
Certification process
In October 2009, the decision was made to implement one QMS for all institutions in the whole network and to aim for a certification of the network's QMS under one certificate. Accordingly, a contract with LGA InterCert was signed.
In September 2010, all documents, including the completed manual and the management review, were handed over to the certification body. In November 2010, a Phase I audit was conducted at the coordinating and leading stroke center at Erlangen University Hospital, followed by a Phase II audit in January 2011, visiting all three stroke centers as well as five exemplary local hospitals.
In January 2012, another four local hospitals, as well as the project management and all three stroke centers were visited in the first review audit by LGA InterCert. In January 2013, the remaining two local hospitals, one new local hospital that had been added to the network during the certification period, and, again, the project management and all three stroke centers were visited in the second review audit.
Once a year, internal audits were conducted in every participating institution to review the implementation of the QMS and its conformity with the predefined norm.
Results

Quality performance data
In 2009, a total 3690 stroke patients were seen treated in all local hospitals combined, of whom 2049 were managed with a teleconsultation, including 1438 with full video examination. In 2011 (2010), a total of 2324 (2047) teleconsultations, including 1695 (1426) video examinations, were made, while a total of 4517 (4103) patients were seen in all local hospitals combined. Table 2 shows results of several documented quality indicators stratified by year.
Rates of thrombolysis in patients with cerebral ischemia significantly improved from 8·2% in 2009 to 12·8% (P = 0·01) in 2012, not including patients treated in the three tertiary stroke centers (Fig. 3 ). Rates of thrombolysis in hospitals prior to their participation in STENO have not been recorded.
Results of external audits
There was no minor or serious deviation from the norm in the initial certification audit in 2011 or in the two following audits of the certification period in 2012 and 2013. Only a few hints were given by the certification body to ensure further improvement of quality.
In April 2011, the certificate for the network-wide QMS was handed over to the network management.
Results of internal audits
In 2009, internal audit reports listed a total of 75 deviations at local hospitals and 10 in stroke centers. In 2010, there were 65 deviations in local hospitals and 7 in centers; in 2011, 44 deviations were found locally and 5 in the centers. In Table 3 , some examples of reported deviations are given.
Results of quality data, especially the significant improvement of thrombolysis rates, and internal and external audits documented a stepwise improvement indicating a functioning quality management process.
Discussion
At the beginning of this project, it was not clear if a network consisting of 15 hospitals (with the potential of expansion), different in size and organizational models of stroke care, would be able to implement and follow the the ISO 9001 requirements and to maintain this level of quality throughout the whole network in order to hold the certification for a longer period of time. In fact, certification was awarded in March 2011 and maintained over a total certification cycle of three-years without major deviation concerning nonconformity with the norm in three external thirdparty audits.
Creating a QMS based on ISO 9001 requirements was the cornerstone of sustainable quality assurance within STENO. A common high level of stroke care was defined by quality objectives and SOPs describing processes that led toward predefined goals. The QMS guaranteed utilization of SOPs and other process regulations within the network by internal and external audits in every participating institution. Continuous documentation and monitoring of data quality ensured permanent accomplishment of key quality objectives.
ISO 9001 is a common quality standard that is used worldwide in almost every kind of industry or service organization (21) . Thus, ISO 9001 requirements focus on more formal parts of quality management but less on specific quality levels of stroke care particularly or medicine in general. Therefore, the combination of network certification with certification of individual stroke units by the standards of the GSS in each participating hospital provided an excellent basis for combining formal quality requirements with medical and clinical requirements in all participating institutions. While SOPs in STENO were based on national and international guidelines for stroke care, stroke unit certification audits revealed many details, with improvement potential in all kind of processes.
STENO is based on the use of telemedicine -especially audiovisual consultation -in single acute stroke cases as one main column of the comprehensive stroke care system. However, the STENO QMS could serve as a model for cooperative quality assurance of stroke care in cooperating hospitals because the QMS would also be effective in a network without using telemedicine. Only a minor part of STENO regulations and procedures deal with telemedicine itself rather than medical care in general and stroke care in particular. Nevertheless, teleconsultations may provide quality assurance in themselves, as they actually constitute a review of a single case by a stroke expert. Within the consultation, the stroke expert defines which standard is used in the particular case and if variations of the standard are judged to be necessary for the individual patient based on the expert's personal knowledge and experience. Additionally, securing the same method and level of assessment and advice from various experts from three different stroke centers represents another challenging task for quality management.
Similarly to the certification system used in STENO combining ISO 9001 and medical requirements, the German Cancer Society successfully promotes nationwide certifications of breast cancer centers (22) . By contrast, in stroke care, it is predominantly national review standards or certifications of care systems/ facilities such as the National Stroke Audit (Great Britain) (23) or the Certification of Primary or Comprehensive Stroke Centers by the JCAHO (USA) that are established. JCAHO certification of stroke centers was shown to reduce mortality in certified institutions (24) but did not affect the rate of intravenous thrombolysis (25) . Due to lack of expert knowledge and deficits in specialized care, there was almost no systemic thrombolysis therapy in most regional hospitals before STENO was implemented. However, after implementation of essential hospital infrastructure, procedures, and standardized stroke care, thrombolysis is now common and performed on a regular basis in all participating hospitals, significantly reducing the burden of the disease for those affected and for whole communities.
There are a few methodological issues that merit discussion. First, due to the size of the network, organizational issues, and financial restrictions, it was not possible to perform external third-party audits on a yearly basis in each participating hospital. Based on the regulations of ISO 9001 and ISO 17021, it was decided to visit each center and the network management every year and each regional hospital once in the certification period of three-years. Second, our comprehensive approach only covers the acute and subacute phases of stroke from admission to hospital until discharge to rehabilitation or premorbid living environment. However, we believe there is great potential for an expansion of our comprehensive approach by including rehabilitation -ambulatory or inpatient care -or even community care in our QMS. Finally, in order to demonstrate the significance of the implemented changes to stroke care in a whole region, it would have been interesting to analyze comparative outcome and performance data from pre-and postimplementation periods. However, the aim of this project was to test whether it was pos-sible to implement and achieve a certification of a network-wide QMS. Further analysis of performance and outcome data is on its way and will be dealt with in a future manuscript.
In conclusion, quality management within a large supraregional stroke network is possible. Implementing the worldrenowned ISO 9001 certification requirements could enforce a more systematic and continuous approach of quality management and may facilitate development of an international standard for certification of stroke care facilities within networks using teleconsultation techniques. Furthermore, the recently published European norm EN 15224, which has been created especially for the medical sector may be even more beneficial due to its medicine-specific content, as opposed to having an industrybased origin. Furthermore, to improve the availability and the quality of affordable stroke care, the European Stroke Organisation (ESO) has appointed an ESO Stroke Unit Certification Committee to define the requirements and criteria for official certification as ESO Stroke Units and ESO Stroke Centers based on scientific evidence from randomized controlled trials, clinical practice guidelines, and expert consensus. Their recommendations have been published (2013) and should stimulate hospitals in Europe to apply for ESO certification (26) .
Telemedical stroke care networks seem to benefit from quality management and certification, as these require continuous effort for quality maintenance and strengthen internal and transinstitutional, as well as multidisciplinary, cooperation. However, outcome studies comparing conventional stroke care and telestroke care are inevitable. 
